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BDXES ^ERflCLIHE EDITOR 



This :5ssue contains analyses of ten articles related to the study of 
attitudes, a topic of continuing interest to a large number of science 
education researchers . Adler and Byrd investigated the effects of instructor's 
attiztude on students. Crater surveyed the attitudes of high school 
students toward nuclear science* Dillon and James studied the attitudes of 
black students concerning various factors relating to science. Hofstein 
and his cxilleagues reported im the development of an instrument to measure 
the attitrfes of high school. students toward chemistry and their interest 
in laboratory work. Quinn provided information concerning the use of 
value sheets and their influence on the attitudes of high school students 
about T:ar±Dus instructional procedures. Savada looked at attitudes which 
non-sx=ience majors hold about science and technology. Symington and Fensham 
investigated, among other things, the attitudes of elementary school 
teacheEs toward science. Ward attempted to determine if a relationship 
existed between class size and student attitude toward science. Wooley's 
steady contained an examination of stm'v^Tjr/ ' attitudes regarding computer- 
assisted instruction in astrononoy. To*/ v% approaches, and findings vary 
but the analyses appear to indicate there is stil3. much work to be done in 
the study of attitudes in a science education context. 

Patricia E. Blosser 
Editor 

Victor J. Mayer 
Associate Editor 
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Ati'TT Iiuks 
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Adler, C. and J. ByrcL ii ' .t tor Atnritude-Trairsfer in a Pre- 

sejTvicsL Inst±r^»ce^" Jmrttyp^ JH^IResearch in S::!=xence Teaclmis; , 
13(1): 1-4, ..5iBu. " " 
D e*=grn .pt Qr3r -^r^ifhTfii- f f ; u des ; *Curricir£iim; *Ediicai:ioBsl 
Rescarcir; Bsssdcscr^^ ^=*ir-:j ::e_£ducat ion ; Secondary Sucarxair: 
See^iary Scmsal :r^3C2*«-f2e; i:eacher Attitudes:; *Tes3ter lor&Eice 

Expanded Abixi^'u-ct^ narrr-- ATTTfl -!?^ ^^repisred Especially far I.S^. by 
Glenn Markle^ Zxixssrst^ or Cjtaac^fnnati . 

Purpose 

The staffiil -gnrpcse of :rj£^ -^mly was to determiHe "to what e ' A g **n p 
did the ±Qstxxnr2jcr » s ~at»Litna^ as^Eszrr the attitude o^rthe participasas^ 
during a five-^«sk instlmr^ f orpr^arvice physics teachers. Iir adfl— 
tion, the stady ^ rt es igg ^td tz> {j^jemrme if a student ^o initially f^ u^ T^ i 
a traditional :3S^5SiES5 <c?arsfe: -sr. a lESSC physics course would develops^ 
more positive :s3tittri€r torwasas Broject Physics and, if a positive gK f rf 
in attitude to^rd Prmjiccr: P5rTsxs occurred, vould it be distributed 
across identiEsed- snbgrswns iz: riie institute (i.e., those that likai 
the institute iest, those thar Jliked the institute least, and the best 
students in the Instir-Jite) ? 

Rationale 

The pr fTTtr^- ^e paraoses of xhe UPSTEP-sponsored institute forr^e- 
service physi±c leamegrs were to increase the participants' knowJ»^e 
of high schocr pKrosics: curricula, to improve the skill of developccag and 
presenting -^ i "ar^'"n ns, and to teach laboratory management skiHs. 

Any concurreizz^-?=£f3jtnsie change was considered incidental. 

Nevertheless.^ the authors held more positive attitudes toward 
Project Physics isgHi toward PSSC or the tradirional approach to the 
subject and, ew^n rSfecrgh an attempt was made to present a balanced 
introduction tc the various forms of teaching physics in high school^ 
it was expected that, the attitudes of the staff would be communicatee- to 
and have some ef f ect upon the participants. This study was conducts^ to 
determine if such an effect existed. 
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Research Besign and Srocedmres 



A pretest-posttstr^^sign was irperF to determine^tiie effects of the 
five-week institute on::t±ie attitudes ^ preservice pities teachers 
-toward Project Physics^ rdie curricnEniEraBOSt favored fa^rtiffi^ institute 
instructors. The desi^&zxbx the stBD-^sas Campbell sad Stanley *s 
Design 2, The One Group ^retest-Pos^ESn Design (1): 

Participams*' «cr±t3rde torards Zuujim^ Physics was measured by 
averaging the nw ^7 J .-gg F-a=; s igned to e%g^te ^fcjectives ±or high school 
physics courses^ cctriectives weis -tdbmss chosen by the ^erican Insti- 

tute of Physics, ^ 1972 study on. higfcschool physics teaching. Two 
of the eight ofefecti _3 were believed ^sciae strongly asso:ciated xirith 
Project Physics, aa^.-rssss^ each, with PSSiErsid traditional physics. The 
four remaining i>bjecii±ves were not speci^c to a particular course of 
study. 

The reporr JmpTfy^r that 15 studerers were involved in the study but 
th±s number is:^«ver ^explicitly statefl^ The students were assigned to 
three groups: ^me five who best lifce£:rhe institute according to 
responses on js—H)-±tem questionnaire -administered at the end, the five 
who least likeEtiie rnstitute on the^iasis of responses to the same 
questionnaire, and the five who did -ine best work during the institute 
based upon their finaL grade determined by an objective test and the 
participants' performance in the seminar part of the program. 

The treatment consisted of a five-week institute :ji which the 
seminar "was taught by an instructor (C.A.) who is adm-.ttedly pro- 
Project Physics." 

The "data" were graphically presented by showing the "Objective 
Average Rating" for each objective before and after the institute. A 
second table presented the average rank changes in the four key objec- 
tives for the entire workshop group, the one-third who liked the insti- 
tute most, the one-third who liked it least, and the five best students. 



Fxndings 



The average ranks assigned to the traditional physics and ■?SSg 
physics objectives were lower after tae institute than before ^It:;:. 
The average ranks of tbe two Project rh^sii s-related objecrives:-:5aere 
higher. This pattern was present for members of the workshop .se^ 
group and for the three snb groups^ 

Interpretations 

♦ 

The investigators concluded that the participants ^'chan^ii — h^-f x 
attitudes torard course objectives during the course of the ^^^tute. 
And the change was such that in the end their attitudes rougitty coincided 
with those held by the institute staff .'^ 

ABSTRACTOR'S ANALYSIS 

The authors of thdLs study attempted to assess the effecrs of the 
instructors' attitudes or subsequent changes in participants durimg a 
five-week institute. No theoretical basis for the anticipataed changes 
were presented. Although none were stated, the questions posed in: the 
introduction suggested the following hypothesis: 

1. During a five^eek institute, preservice physics teacher *s 
attitudes toward v^ious physics curricula will shift in the 
direction of the instructor's attitudes. 

The One-Group Pretest-Posttest Design to test the hypothesis was 
used by Campbell and Stanley "to illustrate several of the confounded 
extraneous variables that can jeopardize internal validity." They point 
out that effects other than the experimental treatment might cause a 
difference between pre and posttest scores not accounted for by the 
design. In this study, the shift in participant attitudinal scores might 
have been the result of becoming aware of a different point of view. Many, 
if not most, preservice physics teachers probably view teaching as the 
transmitting of facts, concepts, and prrnrlples to students* They may 



never have considered altHsrsacrcve outcomes. The information presented 
at the institute may have 5m5a=ened perceptions and enabled them to 
consider other outcomes -efer^-^-T . japon reflection, seemed more important, 

A second weakness ±En=Es^iesd.gn is the effect of testing. Campbell 
and Stanley (1963) point our adsst: :when a signed inventory is employed, the 
initial administration m^ isae: .a problem-solving situation in which the 
respondent attempts to di^covsr the disguised purpose of uhe test. 
On the posttest, he knows Better how to present himself more acceptably. 
In the present study, it :1s not clear if the participants signed the pre 
and posttests. Never theLf=*s^, a preferred set of responses were likely 
to have been perceived aiaiinay have biased the posttest rankings of 
objectives. 

The test-instrximenn zntself introduces several concerns. Evidence 
for its validity or reliability is not presented. Given that the data 
presented were "difference scores," the lack of information concerning 
reliability of the measures is particularly disturbing. 

Finally, inferences concerning attitudinal changes were based upon 
inspection of the data rather than any statistical treatment. While the 
n^Tmber of participants and the nature of the data may have restricted 
statistical analysis,, conclusions which are based upon such data are 
suspect. 

In summary, the present study is weakened by: 

1, The lack of a clearly stated hypothesis supported by a theo- 
retical base or previous research; 

£• A weak experimental design; 

3, The use of an instrument whose validity and reliability was 
not established; 

4, An analysis procedure that was based solely upon the inspec- 
tion of difference scores; and 

5- A lack of generalizability — i,e,, it is not clear that the 
effects, if they exist, would operate in any other setting. 
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Ibe question addressed by tbts study, i.e., what is the effect 
of ^ instructor's attitudes on the attitudes of his students, is a: 
l^Jipo^tant concern. Unfortunately, this study failed to provide 
suffJ.cient evidence to yield an ans^et. 
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Crater, Harold L. "What Opinions Do High School Students Hold About 
Nuclear Science?" School Science and Mathematics , 77(6): 495-501, 
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Descriptors — ^Attitudes; *Educational Research; Environmental 
Education; Nuclear Physics; Pollution; *Science Education; 
Secondary Education; Secondary School Science; *Student 
Attitudes; *Student Opinion 

Expanded Abstract and Analysis Prepared Especially for I.S.E, by 
Glenn C. Markle, University of Cincinnati. 

( 



Purpose 



The stated purpose of this study was to determine if there is a 
"pattern to the opinions held by today's high-school students toward 
controversial issues in. nuclear science" (p. 496). Also, the study 
assessed the effects o£ a Nuclear and Environmental Science program 
on the attitudes and knowledge of academically talented high school 
students. 



Rationale 

Although today's high school students live in a scientific- 
technological society, many of them hold inaccurate and fanciful 
ideas about science and scientists. Allen C1959) identified three 
areas of student misunderstanding: 

1. a misunderstanding and ignorance of the nature of science, 

2. an tinrealistic Image of the work of the scientist in 
American life, and 

3. a faulty understanding of the interaction of science and 
society. 

Studies by Mead and Metraux (1957) , Allen (1959) , and Aiken and Aiken 
(1966) indicate that students' perceptions of science and scientists 
have not changed in spite of excellent science curricular materials 
that confront these are^s of misunderstanding. 
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The contributicns of science and technology to the high standard of 
living in this country have been recognized in the past. However, 
the application of science-related technology has also been accused 
of causing many problems facing today's society. The current energy 
crisis has given rise to advocates for the development of a nuclear 
power industry as well as groups which vigorously argue against 
further construction of large power reactors. High school students* 
perceptions of the nuclear scientist and his work will undoubtedly 
affect their opinions toward this issue. In the very near future, 
today's students will be expected to discuss and vote on complex tech- 
nological issues related to the use of ::uclear energy that will 
directly influence their entire, future. Identifying the pattern of 
opinions currently held by today's high-school students toward nuclear 
scientists and their work and assessing the effects of an educational 
program addressing these issues may provide useful information for the 
developers of high-school science curricula and for high-school science 
teachers. 

Research Design and Procedures 

A pretest-posttest design using an experimental and a control group was 
used to determine the effects of a University of Mississippi summer pro- 
gram in Nuclear and Environmental Science for academically talented high 
school students. The design for the program evaluation approximates 
Campbell and Stanley's Design 4, the "Pretest-Posttest Control Group 
Design" (1963). It differs in that subjects were not randomly assigned 
to groups. The design cakes the form: 

0^ X ©2 (Experimental) 
0^ (Control) 

The experimental group of 23 students experienced the Nuclear and 
Environmental Science program while the control group of 27 students 
experienced an advanced mathematics program offered by the Department 
of Mathematics at che University of Mississippi, Members of both 
groups^ mostly eleventh graders^ had excellent academic records, were 



particularly interested in science and/or mathematics and were highly 
recommended by their teachers. About half the participants in each 
group were residents of Mississippi with the remainder representing 
many other states including Pennsylvania, Ohio, Indiana, Illinois, 
Tennessee, and Texas. 

The dependent variable for assessing student opinions was the score 
on a 20-item Likert-type rating scale. Items on the scale were 
selected "on the basis of their ability to discriminate between 
students holding favorable and unfavorable attitudes toward nuclear 
science" (p. 497). The primary intervening variable was the instruc- 
tion one group of students received in nuclear science. 

This treatment consisted of an experimental survey of the properties 
and applications of radioactivity accompanied by analysis and dis- 
cussion of controversial issues concerning nuclear science. The 
text used was David R. Inglis' Nuclear Energy: Its Physics and Social 
Challenge (1973K Films and pamphlets from the United States Energy 
Research and Development Administration (now DOE) were used in con- 
junction with several books and articles critical of nuclear power 
generation. Throughout the program, the instructor tried to remain 
scrupulously impartial and the free atmosphere allowed participants 
to express individual opinions. 

Data analysis consisted of a t-test to compare pretest means and 
posttest means of the two groups on the 20-item attitude survey. 
In addition to comparing group means on the pretest and posttest, 
responses to specific items were summarized to indicate student 
opinions in three areas: nuclear energy, nuclear pollution, and 
future benefits. Three items related to each area were included 
with the percentage of students a) agreeing, b) tending to agree, 
c) neutral, d) tending to disagree, and e) disagreeing. 
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Findings 



There were no statistically significant difierences between the exper- 
imental and control group attitude scores on either the pretest or the 
posttest. Student responses to individxial items were interpreted 
as representing a generally uncritical attitude toward nuclear tech- 
nology. 

Interpretations 

The investigator interpreted the average attitude score of approxi- 
mately 53 on a scale of 0-80 as representative of "generally favorable 
attitudes toward nuclear science at the beginning of the program" among 
students in the experimental and control groups (p, 497), He was very 
careful to limit geirerallzatlons to academically talented students with 
an Interest in science and/or mathematics. 

The results of the t^test were interpreted as indicating no signifi- 
cant effect on student attitudes due to the Nuclear and Environmental 
Science program. 

A nuclear physics subject matter test was administered to students in 
both groups at the beginning and end cf the program. The investigator 
reported that "the students in the science group appreciably increased 
their understanding of the principles and applications of nuclear 
science whereas no similar change occurred in the mathematics group" 
(pp. 497-498). No related data or statistical comparisons were 
reported. 

Responses to individual items were interpreted as indicating that 
academically talented students: 

1. have a positive attitude toward the use of nuclear energy (p. 499), 

2. are. not overly concerned about nuclear pollution (p. 499), and 

3. are optimistic about the future as it relates to nuclear 
science (p. 499). 
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Overall, the investigator concluded that tody's academically talented 
students do not relate to historical events such as nuclear explosions 
in the atmosphere and radioactive fallout and that they are not 
actively concerned about current issues of nuclear technology. The 
attitudes towards nuclear science of these academically talented 
students was characterized as "uncritical" (p, 500), 

ABSTRACTOR'S ANALYSIS 

The author did not intend to relate this study to other attitudinal 
research. His primary purpose, as indicated by the title of the 
article, was descriptive; he simply wanted to establish the current 
opin^ion of academically talented high school students toward nuclear 
science. The assessment of attitude changes resulting from the 
Nuclear and Environmental Science course appeared to be a secondary 
effort. No evidence was presented to Indicate that the program was 
designed to systematically change student attitudes toward nuclear 
energy. In fact, the totally impartial presentation of both points 
of view for each issue analyzed is theoretically unlikely to result 
in appreciable attitudinal change (Bern, 1970). 

The validity of generalizing the reported results even to academically 
talented students with an interest in science and/or mathematics is 
questionable for at least two reasons. First, the criteria for select- 
ing subjects were specific to the needs and requirements of the summer 
program at the University of Mississippi. It is not at all clear that 
the resulting sample was representative of any population. Although 
the author generalized to academically talented students with an 
interest in science and/or mathematics, the subjects needed also to 
have the strong recommendation of a teacher (presumably a science or 
mathematics teacher) , needed to be available for some unspecified time 
during the summer to take part in the program, and may have had a 
systematic political bias since approximately half the students were 
from Mississippi, a relatively conservative state politically. Second, 
no evidence was presented to support the validity or reliability or the 
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survey scale zised to measure studeotr opinions. Although the antiEor 
claims that the items were "selected on the basis of their ability to 
discriminate between students holding favorable and unfavorable 
attitudes," the process used to make this determination was not 
described, A previous study using the same instrument was referenced, 
but it contained no description of the developmental process used to 
construct the scale (Crater, 1972), Neither study reported a relia- 
bility coefficient for the scale. 



The design for evaluating the attitudinal effects of the nuclear 
s cien ce program was adequate for a single variable study. If the 
evaluator intended to assess both cognitive and attitudinal changes, 
a multivariate design should have been used and information about the 
science content test included in the report* Instead, a single state- 
ment asserted that "students in the science group appreciably increased 
their understanding of the principles and applications of nuclear 
science whereas no similar change occurred in the mathematics grotip" 
(p. 498), 

Student opinions toward three specific aspects of nuclear science were 
Inferred from responses to nine items. The rationale for selecting 
these items was not explicitly stated — the implied criterion was that 
they somehow measured the same '•-hlngs. It was not dear if these 
sets of items had been chosen before the data were collected or if the 
three sets of three items each were chosen after the study in order 
to support a specific conclusion. The lack of information about the 
criteria for selecting specific bits of data, c ause s the conclusions 
to be questionable. 

The written report of this study would have been stronger if it had 
included evidence for the validity and reliability of the attitudinal 
and content instruments, specific data about the nuclear science 
content: test and an explicit rationale for preselecting specific sets 
of items to serve as "subtest" within the attitudinal survey. In 
order to be fair to the author, it should be noted that some of this 



13 

17 



Information may have been excluded to Tneet the requirements of the 
publishing journal « 

Future research in this area should be iiirected at determining the 
attitudes of non-science oriented students toward nuclear energy 
since they will constitute a majority of the future voters. In 
addition, strategies for informing these students of the specifics 
of nuclear technology and the related issues and problems need to be 
developed. 
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Dillon, James C. and Robert K. James. "Attitudes of Black College 
Students Toward Science." School Science and Mathematics, 
77(7): 592-600, November 1977. 

Descriptors — ^Attitudes; -Blacks; Black Attitudes; Career Choice 
*College Students; -Educational Research; Higher Education; 
Minority Groups; Science Education 

Expanded Abstract and Analysis Prepared Especially for f .S,E. by 
Robert L. Shrigley, The Pennsylvania State University. 

Purpose 

1. The initial purpose of this study was to design and field-test a four 
. part instrument testing the attitudes of black American students 

toward : 

a) Science and society 

b) Science and Blacks 

c) Self-estimates of proficiency 

d) Science as a career 

2. Secondly, the science attitudes of Blacks were tested for their rela- 
tionship to six variables: 

a) Major (science major, science-related, non-science) 

b) Gender differences 

c) Community (rural and urban) 

d) Number of college science courses completed 

e) Number of high school science courses completed 

f) Age 

Rationale 

1. More black Americans should be involved in the American scientific 
enterprise. 

2. Attitudes toward a career and self-concept are prominant factors in 
selection of science as a career. 

3. Past research of black attitude toward science has involved conven- 
tional instruments designed not for Blacks, but the general popula- 
tioji. Therefore, one is needed. 
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4. Knowing the relationship of the six variables to the science atti- 
tude of Blacks would be basic to experimental research. 



Research Design and Procedure 

One hundred eight Likert-type statements were compiled and classi- 
fied into the four subscategories. Twenty-eight black and four white 
scientists and science educators served as a jury to judge content 
validity and the positive-negative classification of each item. 

The 108 statements were administered to 80 black students. The 
data were analyzed as suggested by Edwards (1957), assumed to be the 
standard Likert analysis. Using the t-value when each statement was 
compared to the highest 25 percent and the lowest 25 percent of the 
student scores, 26 of the 108 statements were dropped from the scale. 

The revised scale was then administered to 551 black college students 
in predominantly black colleges^ in foior ^southejpi^sl^^ The alpha coeffi- 
cient correlations, a test of internal consistency, on the four subtests 
were, as follows: 

Science and Society .81 

Science and Blacks .67 

Self -estimates of Proficiency .85 

Science as a Career .76 

The least squares analysis of varianc.e_(Kem£3_197^) was used to test 
the influences of the six variables on science attitude. 



Findings 

1. With minor exceptions, the three student subgroups, (a) science major, 
(l>)^^science-related, and (c) nonscience differed significantly and 
systematically with the mean score for science major > science- 
related > nonscience. 

2. Females were more positive in their attitude than males toward science 
and society (p<.01). 
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3. Rural subjects: :»ere ujore positive than urban subjects in their 
attitudes tossoxd science and blacks (p^.05). 

4. There was a. laBESitive relationship between the number of high schoc 
science coxxxsss (but not college science courses) completed an-i 
scores on the four attitude subscales. 

5. There were significant correlations among the scores on the four 
attitude subtests (pi-.01)» 

ABSTRACTOR'S ANALYSIS 

1. The authors are r^ponding to a is.gitimate need in attitude research* 

2. The four categories, (a) science and society, (b) science and blacks^ 
(c) self -estimates of profici^cy and (d) science as a career, seem 
to be vaSEk gsyrfiological objects for a science attitude scale for 
blacks. 

3. Submitting Ae oxxgxnal 108 s tatements to a jury and analyzin^ithe 
original (iaeca from 80 students by the Likert procedure is a commend- 
able validating process. The authors might, hav^'^shared witk the 
reader the t-score cutoff by w h ich a statement was dropped from the 
original scale. They might have also considered the adjusted item- 
total correlation coefficient as a criterion to judge the validity 
of an item:* 

4..^ The authors might have included .all 82 statements in the article. 

5. It wuld have been helpfel for the reader to have known which state- 
ments were negatisse and^hxrh wery positive. . 

6. The authors gathered data on 3ge of the students, and although the 
data appeared in the tables, they did not share the rationale for 
STTTh ering the data nor did they discuss the results. 

7. ISie^ coeSicient alpha, oir one sobscale was marginal (.76) and a coeffi- 
cient of ^ 67 on Science and Blacks — ^which seems to be the heart of this 
jasttxtude scale — is questionable. Crano and Brewer (1973) su:ggest a 
TufniTmim coefficient alpha of .80. 

17 
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8» The finding that enrollment in high school science courses has a 
relationship to a positive science attitude is confirmed elsewhere 
(Shrigley, 1974). If persuading more black Americans to enroll in 
high school courses affects attitude positively, an ±mportant prin- 
ciple in attitude theory could become operative hei3£- The persuasi- 
bility theory of Bbvland et aL (1953) would suggest first of all, 
that we examine tise credibility factor of the persuafer. Who could 
best persuade black high school students to enroll? A science 
teacher? A black science teacher? A black female science teacher? 
A counselor? A peer? A model for determining credxfaillty of a 
persuader has been established for the science educator (Shrigley, 
1976) . However, there is a basic problem that would need to be 
resolved. Enrollment in science courses may not be influencing 
attitude. Black students electing to enroll in more science courses 
may enter the courses with a highly positive attitude toward science. 

9. If the authors' findings that black females have a more positive 
science attitude than do males werp^ to be a consistent finding, a 
close analysis of black female attit ude might shed some light on 
how the science attitude of white ifemales, which is consistently lower 
than males, might be improved. 

10* The authors' finding that rural lilack^jtaericans have a more -positive 
science attitude than urban blacks confirms a similar finding among 
Trinidadan adults (Abder and Shrigley^ 1979) . In-depth interviews 
of rural blacks with a high attitude score might provide some insight 
into this finding. 

XL. The significant correlation of the subscales implies that the four 

components may be operating more as a single scale rather than as four 
discrete scales. For the researcher interested in developing a single 
scale and testing a single psychological object, perhaps the att±tude 
of black Americans toward the scientific enterprise, the following is 
recommended: 

A) Any statements that do not conform to Edward's (1957) 14 cri^teria 
for Likert scale construction should be modified or dropped. 

B) One of the purposes of this study was to design a scale for black 
Americans, llany more of the statements need to make reference to 
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Blacks. Otherwise the scale do^ not appear much different:- from - 
conventional science attitude scales for the general population, 

C) Plan to reduce the number of xtems from 82 to 20-30, a:iiumter 
adequate for establishing reliability and validity, but short 
enough for respondents to complete in 10-15 minutes. 

D) Half of the items on the final scale should be worded negatively 
and half positively. 

E) The four subcomponents make up the original instrument should be 
proportionately represented in the modified scale. 

F) A Likert analysis of the original or new data would provide 
validity and reliability data. TDtems not reaching a .30 adjusted 
item-total correlation coefficieait should be modified or dropped. 
The coefficient alpha of the totaEL instrument should be at least 
.80. 

G) A factor analysis on the data would show the researcher how well 
the four subcomponents are operating in the total scale. 

H) An examination of the frequency of student response to each of 
the seven categories (from "Completely Agree" to "Completely 
Disagree") may indicate that a sev«-level attitude inteisLty 

is not needed. If not, a five^revel inteiBity, "Strongly ^gree" 
to "Strongly Disagree," is suggested. 
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H^fstetj^^ Avi; Ruth Ben-Zvi; and David Samuel • "The Measurement of the 
I^^terest in and Attitudes to Laboratory Work amongst Israeli High 
Scihool Chemistry Students-" Scien ce Education , 60(3): 401-411, 1976, 
Descriptors — ^Attitudes; *Cheinistry; ^Educational Research; 
*Instruction; *Laboratory Procedures; Science Education; Science 
Experiments; *Secondary School Science; *Student Attitudes 

^jcpend^^ abstract and analysis prepared especially for I.S.E. by Robert 
Sorv^t, State University of Nev^ York, College at Buffalo- 



stxjdy reports the development and Validation of an instrument to 
j^^a^ure ^igh school chemistry students' attitudes and interest regarding 
^^KycB^i^xj work. The validated itistrtim^nt is used to probe attitudinal 
^iifere^^^es on the basis of grade level, major, and sex. 



gjttona^ 

l^b^ autJ^Qrs reiterate the important role of laboratory in science teach- 
itiS* adequately assess Such work requires measurement of cognitive, 

jr^y^^^otor and affective outcomes* iJ^^ present study is an attempt to 
Qjo^re adequately deal with affective measures in the science laboratory 

ha^ been done previously. It is s^en as a step towards developing 
^ oiaje ^Tefined'instrtmient and also securing a better understanding of 
^ha dim^sionality of attitudes towards chemistry laboratory work. 



fc4^^g ^_Pesiffl and Procedure 

;5;aj^gj£. Five hundred and five tenth ^ eleventh and twelfth grade 
^tt^dent^ from 25 classes in 9 Israeli high schools were Subjects in the 
yi^trum^t development and validation process. Complete selection 
(v^iteri^ for participating students is ot^itted. However, all students 

the ^ajnple were taking "Chemistry to'c High Schools," a new chemistry 
(vtirricul^jn strongly oriented toward labo^r^tory work. The eleventh and 
t^^lfth graders had elected either a mathematics /physics, biology, or 
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humanities major. Since humanities students do not take chemistry in 
their final two years of high school, according to the report, I infer 
no humanities students were included in the saii5)le. (The tenth grade 
curriculum is undifferentiated.) The students received the attitude 
inventory . one time, in the middle of the 1973-74 school year. 

Instxxment Developm ent. Eight experienced chemistry teachers 
constructed 89 Likert-type statements (5 position format). Three 
broad areas were included: the role of the laboratory as an instruc- 
tional tool, administrative problems associated with lab work, and 
students* personal reactions toward their laboratory activities. 
Another group of six teachers coded each item as representing a positive 
or negative attitude towards the chemistry laboratory. 

This inventory was given to the previously-described sample. The 
responses were item-analyzed, "carried out in the usual manner," 
according to the authors. They eliminated 27 items to produce a final, 
62 item inventory. 

These 62 items (listed in an Appendix, along with item means for each) 
were then factor-analyzed to produce subscales. The oblique-rotated 
factor matrix produced eight retained factors, accounting for 51 percent 
of the total variance, items loading at .30 or higher on each factor 
were included on that siibscale. Nine items repeat on different sub- 
scales, because these items loaded on two separate factors. Three of 
the 62 items did not load heavily on any factor and were apparently 
discarded. In subsequent analyses, only the eight siibs^cales were dis- 
cussed. 

"Meaning" for each subscale emerged from inspecting the individual items. 
For exaii?>le. Factor I "appears to indicate that students consider lab- 
oratory work as specifically part of the chemistry learning experience. 
Factor II can b2 called ''the 'amount* of practical work factor..." 
(p. 403), and so forth. 
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Reliability estimates provided for each subscale (containing anywhere 
from 4 to 16 items) are Cronbach's alpha and the Spearman-Brown split- 
half estimate. The total test reliability (probably 62 items) is .95 
with Cronbach's alpha, and .86 using the Spearman-Brown estimate. Three 
subscales, each with four items, has reliabilities under .70 (Spearman- 
Brown) . 

With suitable reliability determined for the subscales and the total 
inventory, the researchers then reanalyzed their sample data, using 
scores on the identified factors as the dependent variables of grade 
(10, 11, 12), sex, and major (biology, or math/physics). One way ANOVAs 
were reported for grade level vs. subscale score with post hoc comparisons 
made using the conservative Scheffe test. T-tests were used to compare 
subscale scores vs. sex. 

Findings 

Examining the mean score on each sxibscale indicates students in the sample 
generally had a positive attitude toward chemistry laboratory. Only on 
one scale (Factor II) did the mean score fall below the "indifferent" 
range — students feel they get too much chemistry laboratory work. 

Significant F values on the one way ANOVAs (subscale scor** vs. grade 
level) were obtained for Factors II (amount of lab work). Factor V 
(personal attitude toward laboratory work) and Factor VTI (immediate and 
future benefits of lab work). In each case, the grade 12 students' sub- 
scale scores were significantly lower than their tenth or eleventh grade 
counterparts. 

While the tenth grade stvidents in the sample were very heterogeneous, as 
compared with the studentsi in grades 11 and 12, only on scale VII did a 
significant difference occur between these grades. Here, eleventh graders 
were more positive toward the benefits of lab work than were tenth graders — 
or twelfth graders! 
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The authors also report no significant differences on "attitude towards 
the chemistry laboratory" between math/physics majors and biology majors. 
No data are included to support this finding. 

Finally, no significant differences were found when the mean ratings on 
each subscale were arranged by sex of the respondents. However, the 
authors then include seven specific items from the various scales which 
did show a statistically significant difference between girls' and boys' 
attitudes, as determined by t-tests. In these items, girls had a more 
favorable science laboratory attitude than boys. 



Interpretations 

1. Perhaps, due to increasing age and sophistication, chemistry 
students in grade 12 find lab work less stimulating than in 
previous grades. This stipports the opinion of many teachers 
that the role of lab work in teaching high school chemistry 
should be more limited for 12th grade students. 

2. While a previous study by Walberg (1967) indicated girls had . 
a less positive attitude toward physics lab work, no such 
difference was evident here for chemistry lab instruction. 
Thus, in chemistry, "the laboratory method is as appropriate 
for girls as it is for boys." (p. 409) 

3. Interest in and attitude towards high school chemistry 
laboratory work is not one-dimensional, as it has been 
assxxmed to be for science interest. 



ABSTRACTOR'S ANALYSIS 

This study is one of a number of attitude instrument validation studies 
reported over the years. It follows the usual mode of applying the 
Likert format. The instrument is developed, a sample group takes the 
"test," and conclusions are drawn. While there appears to be no lack of 
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attitude scales in existence, I -feel there is a lack of refinement of 
these initial instinments into something possessing more global utility. 

Given, for the moment, the need for more attitude assessment devices, 
what are some important procedures to be included in developing such an 
instrument? First, there is nothing inherently faulty with summated 
rating scal2S, such as the Likert format used here. In fact, research 
indicates Likert scales usually yield the same results as the more 
laboriously constructed equal-appearing interval (Thurstone) scale. But 
the item construction phase must be carefully planned and carried out. 

Each item must possess content validity, assessed by experts in the field 
to be measured, as was done here. The readability and clarity of each 
item is often enhanced by pilot-testing all items or groups of items. 
Then an inventory can be field-tested, and necessary modifications made 
from information on the statistical "performance" of individual items. 

Once this is done, however, the task is not completed, Ebel (1961) 
stresses that scale statistics are specific to the particular sample of 
individuals tested. Improvements in overall scale statistics by 
dropping items may be lost in subsequent administration to different 
samples. Thus, cross-validation of new scales is very inportant. As 
Fraser (1977) notes, most science education research reports scales 
(as here) without any cross-validation to other samples. Thus, the 
reader is unsure of how these instruments \i±ll ultimately perform with 
related sample populations, 

A second important type of validity for attitude instruments is discrim- 
inant or construct validity. Each scale should measure a unique construct 
not measured by any other scale Obviously this concept is important 
because of the scientific principle of parsimony, and the practical 
constraints of test-taking time, A factor analysis does provide clusters 
of items for separate scales. But, in the present study, the inclusion 
of nine items on more than one scale leaves the uniqueness of each 
construct open to question. Multiple pilot testing-, and correlations of 
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scale scores with each other on the multiple pilot tests, wotild provide 
valuable information on construct validity, and also (it is hoped) cross- 
validate the instrument. 

Of course, reliability measures are also critical to an attitude instru- 
ment. If the internal consistency of the scale is low, you have no 
instrument at all. Cronbach alpha estimates of internal consistency, 
which is equal to the average of all possible Spearman-Brown split-half 
reliabilities (Cronbach, 1951), is adequate for this assessment. 

These brief and necessarily incomplete comments on attitude inventory 
development set the ground work for some general comments on the 
Hofstein, et al . article. (For a complete, "how to" approach for inven- 
tory development, see Edwards (1957).) The article, as written, is 
relatively clear. It presents items that may be quite useful for 
laboratory attitude assessment. However, there are several important 
omissions, perhaps due to journal space limitations: 

1. What criteria were used to select the final 61 items from the 
89 in the original inventory? This is critical information. 
Without it, elimination of potential selection bias cannot be 
presumed. 

2. How was the sample population selected? Were any random 
procedures used? Without this information, the reader cannot 
generalize sample results to any identifiable population. It 
should be noted the present study was not an experimental 
study, but rather descriptive or survey research. However, 
such results — even if obtained with non-random procedures — 
can be generalized upon replication with other groups. For a 
discussion of this issue, see Peaker (1968). 

3. A brief disctission of "no significant difference" for science 
laboratory attitude on the part of physics /math majors and 
biology majors has NO supporting data analysis. 
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4. Several iii?)ortant bits of statistical information are not 
included. For example, the degrees of freedom for the F 
statistic in the one way ANOVAs are not stated, although 
they could be calculated from information provided. However, 
including the degrees of freedom allows the reader to easily 
judge if the proper experimental unit was used in the analysis. 
Also, standard deviations or standard errors for each individual 
inventory item are omitted in Appendix I, although means are 
provided. 

5. Several other questions are left unanswered after careful read- 
ing of the report: 

a. How did the three "broad areas" originally saii?)led by the 
test items fit into the eight factors finally obtained? 

b. If the entire inventory has an acceptable reliability as 
reported, why was a total scale score not included in the 
statistical analyses? If this was a desire to avoid 
"iTmplng apples and oranges," it should be explicity stated 
in the article. 

c. How was the factor interpretation performed? By one person 
or group consenstjs? 

A second area of potential improvement in the report centers on statistical 
analyses. I suggest that a factorial ANOVA analysis (three levels of grade 
vs. two levels of sex vs. two levels of major) for the various dependent 
scale scores might yield more valuable inforriation than the series of one 
way ANOVAs and t-tests actually performed. Such a factorial analysis 
would provide information on interactions betweeu the independent variables, 
which conceivably might shed some light on restilts. 

Another statistical issiae involves the inappropriate inclusion of Table VI. 
This table provides individual attitude items which have significant mean 
score differences between boys and girls. However, the preceding Table V 
indicates NO statistically significant differences on any stibscale for 
boys vs. girls. This technically inappropriate procedure is analagous to 
"plowing around" in a data set, making Scheffe coiiq)arisons, after the 
- overall F statistic for that data set was not significant. 
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After reading many research reports in the literature, I*d like to 
interject two more troublesome issues into this discussion. First, many 
researchers have pointed out the distinction which exists between statis- 
tical significance and £r§£tical significance, in the current study, for 
example, twelfth graders score 1.76 points below eleventh graders on 
factor II, amount of lab work, which i£ statistically significant. But . 
what is the practical significance of this less than five percent differ- 
ance on a ten item attitude scale (potential 40 point range) for this 
group of 352 students? It is well known that large sample sizes will 
increase the likelihood that small scale score differences are statis- 
tically significant. If these differences mean anything in the real 
world, the researcher mtist somehow convey that to the reader. It is not 
enough to pump data through a coii?)uter, circle scales that turn out to 
be statistically significant on the printout, and proceed to discuss and 
rationalize their practical significance. (It should be mentioned that 
Hof stein, et_ al. have done some of this critical interpretation of ' 
practical significance inplicitly.) 

A second troiiblesome issue directly involves some of the study* s results. 
If twelfth graders in the sample did exhibit less positive attitudes 
towards chemistry laboratory after two and one-half years of it (as 
compared with grades lO and ii)^ can we be complacent about the job we 
are doing as chemistry teachers? I think not^ ' 

As f or the assimied unidimensionality of science interest and attitudes 
toward school science learning, which the authors state (p. 409), much 
recent literature views this more on a niulti-dimensional framework. For 
exaTi?)le, Klopfer (1971) identifies six affective aim categories in an 
**attitude toward science": manifestation of favorable attitudes toward 
science and scientists, acceptance of scientific inquiry as a way of 
thought, adoption of "scientific attitudes," enjoyment of science learn- 
ing experiences, development of interests in science and science-related 
activities, and development of interest in pursirLng a career in science. * 




In conclusion, I strongly urge more attitude assessment research be 
conducted as "follow-up work." We need not all reinvent the wheel, 
so to speak. Perhaps some of us can make a wheel, borrowed from a 
colleague, work a little better. Also, in the area of assessing science 
laboratory outcomes, far more emphasis should be placed on psychomotor 
assessment — which of the three broad domains appears to have been the 
most neglected. A good discussion of this issue is given by Doran 
(1978). 
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Quinn, R. E. "Using Value Sheet? to Modify Attitudes Toward Environ- 
mental Problems." Journal of Res earch in Science Teaching. 13(1): 

65-69, 1976. [ ^ 

Descriptors — *Attitudes; *Changing Attitudes; Educational 
Research; Environmental Education; *Environmental Influences; 
Science Education; *Secondary Education; Secondary School 
Science; *Values 

Expanded abstract and analysis prepared especially for I,S.E, by 
Gerald H. Krockover, Purdue University, 

Purpose 

The purpose of Quinn's study was "to determine whether value sheets 
cause high school students to change their expression of selected 
environmental attitudes to more nearly agree with expressions of those 
attitudes which have been judged to be consistent with maintaining a 
quality ecological environment" Cpp. 05t-66). 

Rationale 

— • 

No rationale for tliis study was presented. However, it is assximed 
that the goal of the study was to encourage the cubjects to develop 
a positive attitude (value) toward their environment. 

Research Design and Procedure 

Four tenth-grade classes in each of five separate schools participated 
in this study. One teacher was involved in each of the five schools. 
Classes were randomly selected for treatment. Twenty value sheets were 
presented to each experimental group at a rate of two per week for ten 
weeks. 

A single classification and a double classification analysis of 

variance was done using the pretests and posttests of classes one 

and two to determine if the responses given by the pretested treatment 
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group changed as a result of their use of value sheets, A single 
classification analysis of variance was performed on all items of 
all four posttests to also analyze the above problem and to deter- 
mine if the responses given by the iinpretested treatment group 
changed as a result* of their use of the value sheets. The posttest 
observations were also set up on a double classification analysis 
of variance, taking the pretests as another treatment factor. 

Findings 

Both the experimental and control group mean scores changed signifi- 
cantly on five items ; only the experimental group mean score changed 
significantly on five other items; and only the control group mean 
score changed significantly on four other items. 

The double classification analysis of variance using the pretests 
and posttests of the experimental and control groups resulted only 
in significant differences by trials. 

All four posttest mean scores were analyzed together to determine the 
effect of the pretest on learning. The probability that all four 
means were equal fell below the 0.05 level on four questions. 

A double classification analysis of variance was also conducted using 
the pretested and untesteu, and the experimental and control groups. 
The results indicated that the pretests were a significant learning 
experience on five items; the value sheets caused significant change 
on three items; and the interaction effects between pretests and 
value sheets were significant on four items at the 0.05 level. 

Interpretations 

The pretest was a significant learning experience for the experimental 
group and the control group in 10 out of the 32 items on the attitude 
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survey. The value sheets did not change the attitudes of the students 
In the experimental groups "as they were measured by the attitude sur- 
vey instrument used. 



This study provides an excellent example of exploiting data to its 
fullest through the use of statistical analyses. Fortunately, the 
results did not really change no matter what data analysis was used. 
Many questions can be asked about this study, for example: 

1. Why was a sample of tenth graders selected for the study? 
Why wasn't the number of students participating in the study reported? 

2. Why weren't reliability and validity reported for the survey 
instrument? 

3. Quinn states that, "twenty value sheets were presented to 
each experimental group at the rate of two per week for ten weeks" 
(p. 66). Why was this method selected? Who wrote the value sheets? 
Were they tested before they were used in the study? Why were two 
value sheets used per week? Why did the study only last ten weeks 
instead of twelve, twenty, etc.? 

A. How was the teacher variable taken into accotint? Four differ- 
ent teachers could certainly confound the variables. 

5. Total instructional time was twenty minutes per week for ten 
weeks. Could this explain the lack of any substantive results? 

6. How was the level of significance selected for this study 
and why wasn't it justified? 

7. Why does the conclusion consist of only two sentences which 
indicate that no results were obtained? Is this an indication of the 
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contribution of studies of this type to the science education litera- 
ture? 

In conclusion, Quinn taakes five recommendations at the end of the 
article, none of which indicate that the shortcomings of this study 
may be due to the way it was designed, developed, conducted, imple- 
mented, and the statistics used. Future studies should concentrate 
on using valid and reliable -^-^struments^ Furthermore, care must be 
taken to adequately identify the characteristics of the population 
used, a justification of the statistical design and a realistic time 
period for the conduct of a study. This study illustrates that 
research cannot be conducted for twenty mdtnutes per week for ten 
weeks. The most efficient handling of studies of this type is for 
the journal editorial boards to reject them* 
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Santiesteban, A. Joseph. "Attitudes of High School Students Toward Science 
Instructional Procedures." Journal of Research in Science Teac hing 
13(2): 171-175, 1976. 

Descriptors — ^Attitudes; *Educational Research; Instruction; 
Science Education; Secondary Education; *Secondary School Science 
*Sex Differences; *Student Attitudes; ^Teaching Procedures 

Expanded abstract and analysis prepared especially for I.S.E. by Robert J. 
Vanden Branden, Drake University. 



Purpose 

The primary purpose of the study is to investigate the attitudes of 
high school students toward various science instructional processes and 
procedures. The attitude variables examined deal with the structure and 
function of the laboratory, teacher questioning behavior, textbooks, 
library reports and independent projects, testing, grading, t3rpes of 
instruction, and a number of other categories. A secondary purpose is to 
determine if male and female students responded similarly to the attitude 
variables. 

Rationale 

The secondary science curricula and science teacher-training programs 
place emphasis on various teacher-student roles that may or may not be 
perceived favorably by the students. Science teacher training emphasizes 
focusing teacher behaviors toward inquiry-oriented instruction. As part 
of this inquiry-oriented instruction the teacher asks open-ended questions, 
encourages students to explore alternative explanations, and stresses the 
use of laboratories designed to encourage the student to behave scientifi- 
cally. Yet, some students, indoctrinated by spoon-feeding approaches to 
instruction, may have strong 'negative attitudes toward inquiry-oriented 
instruction. Other students may enjoy textbook-centered instruction and 
may consider this the appropriate or best instructional method. 
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Procedure 



Test construction. A large number of items were generated that 
sampled student attitude variables^ Items were submitted to a panel of 
judges, including two science educators and a measurement expert, to 
determine the content validity and accuracy of each statement. Ambiguous 
and repetitive items were eliminated. Sixty items, using a seven-point 
summative scale, were randomly compiled into a test booklet. ' 

Sample. Three hundred thirty-one students enrolled in tenth, 
eleventh and twelfth grades from four high schools in Alachua County, 
Florida, were selected as test subjects. Students were enrolled in 
courses such as IIS biology, BSCS Blue, BSCS Green, Chem Study chemistry, 
physics, human physiology, and general biology. Two of the high schools 
were suburban while the remaining two were located in rural areas. The 
test sample was purposefiaiy selected for its heterogeneity since it was 
of int£:rest to investigate the attitudes of various types of students. 
Forty-three subjects were eliminated before analysis because they failed 
to respond properly to the questionnaire. Of the remaining subjects 150 
were females and 138 were males* 

Finding s 

Factor analyses using varimax rotations were performed for each sex 
with squared multiple R's as communality estimates. The. principle axes 
factor matrices accounted for 74.66 percent of the total score variance 
for the female and 75.52 percent for males. Fifteen factors were 
extracted and rotated for the females, and 14 for the males. Reliabili- 
ties for the test items, estimated as not less than the square roots of 
the communalities (Guertin and Bailey, 1970) ranged from .74 to .95 for 
the females and .73 to .93 for the males. Ten factors were labeled for 
the females and eight factors for the males. Factors and their factor 
loadings are reported in Tables I and II. 

Factor I, labeled "Oral Reports-Science Projects," indicates that 
females place much importance on the giving of oral reports and 
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participation in science projects. Factor I for the males, labeled "Small 
Groups-Task Performance," suggests that males consider working in small 
groups and the performance of particular tasks to be desirable. Factor II 
for females is labeled "Specific Instructions," while Factor III is "Set 
Induction." It appears that" females desire structure in the form of 
specific instructions and would like to have verbal advance organizers. 
Factor II for males, labeled "Learning Effectiveness," places emphasis on 
means of making learning from textbooks, audiovisual materials, and labs 
more effective and interesting, while Factor III is concerned with the 
need for math skills. Analysis of the remaining factors indicates that 
there are wide discrepancies between the attitudes of males and females to 
identical items. Although some .factors have similar labels, their sum of 
squared factor loadings are quite different. Labels as well as the numer- 
ical values indicate that these factors are not identical. 



Int erpr etat ions 

It is difficult and a bit treacherous to attempt to delineate impli- 
cations from this study to science instruction. Students in this sample 
have indicated an atixiliary role for the science teacher. There is a 
strong indication that science teachers should teach math and reading 
skills. Many of the texts used in secondary science classrooms are diffi- 
cult to read and incorporate complex mathematical concepts and the request 
for assistance from the science teacher is warranted. Structured labora- 
tories and classroom procedures are indicated to produce greater learning 
and to be greatly desired by students. This may be a reflection of hap- 
hazard planning where the purpose of the instruction and procedures to ts 
followed are unclear. Both males and females stressed positive attitudes 
toward small-group work while females highly valued projects and oral 
reports. Both small-group work and projects are common instructional 
procedures, simple to implement and generally enjoyed by the students in 
this study. Males appear to be concerned with methods of making science 
instruction more effective through the use of audiovisual materials, text- 
book pictures, and laboratory experiences. 



Total factor structure for males is substantially different than for 
females. This suggests that the sexes perceive the importance or 
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desirability of certain instructional procedures very differently. 
Although the attitude measure employed in this study can be considered 
a course measurement device, it is realistic /to assume that differences 
in the perception of the importance, relevance or interest of instruc- 
tional procedures vary as a function of sex. The results of this study 
agree with the previous study by Guertin and Jourard (1962) and indicated 
that pooling both sexes in a factor analysis and then performing an 
analysis of variance to determine differential response to factors by 
sex is not practical. 

In future studies of student attitudes torard science instructional 
procedures, analyses using race, age, and achievement should be performed. 
Analyses of this type coupled with the groining body of aptitude-treatment- 
interaction data will be of assistance in the development of science 
Instruction relating to both individual and group differences. By recog- 
nizing both cognitive and affective individual and group differences and 
designing materials and procedures to meet those differences, learning in 
the science classroom and laboratory will be facilitated. 



ABSTRACTOR'S ANALYSIS 

The determination of the attitudes of""hlgh school students toward 
methods (implementation) of instruction should be of vital concern to 
educators who are interested in curriculum and instructional improvement. 
As each of us is influenced by his/her subject matter background and 
interest, it is appropriate to address the study of student attitudes 
to a specific discipline. 

This study included very limited references to attitudinal studies 
of secondary science students. Two of the references were to modern 
factor analysis and another 25 percent of the references were to atti- 
tudes of elementary students toward science. 

It is assumed that the construction of the test that sampled student 
attitude variables conformed to some guidelines of construction because a 
panel of judges was used to determine content validity. 
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Because tables were included in the article, one for females and 
one for males, which stated factors and factor analyses, the reader 
might infer what the attitude test items might be« 

The sample number of 288 high school students enrolled in seven 
different science classes was adequate, probably because of complexity 
of variables examined* 

I do not understand the rationale of the statement "The test sample 
was purposefully selected for its heterogeneity since it was of interest 
to investigate the attitudes of various types of students." How the 
sample was selected is another concern as the procedure might have an 
effect on the results. 

My definition of an attitude is the predisposition of an individual 
to respond to a specific stimulus object, symbol, concept, procedure 
etc. The attitude includes cognitive, emotional and action tendency com- 
ponents. The article would have been strengthened by including more 
specific descriptions of the specific attitudes (factors?) being evaluated 
even if a very different definition was used. 

A 60-item attitude test was used to evaluate student attitudes 
toward structure and function of the laboratory, teacher questioning 
behavior, textbooks, library reports, independent projects, testing, 
grading, types of instruction and a nximber of other categories in IIS 
biology, BSCS Blue, BSCS Green, Chem Study, physics, human physiology, 
and general biology. This represents an overwhelming number and variety 
of variables especially when "a number of other categories" is included 
in the list. 

Some assumptions stated in the introduction and interpretations might 
be challenged although most remarks are not judgmental and seem appro- 
priate. While science teacher training should include an emphasis toward 
inquiry-oriented instruction, the statement "Science teacher training 
emphasizes focusing teacher behaviors toward inquiry-oriented instruction" 
is overstated and might be difficult to substantiate. 
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The first statement in the interpretations section indicates that 
the author is honest. I fully agree with him because many of the rela- 
tionships to which he refers are difficult to find in the tables and 
are not to be found in the text of the article. 

The Interpretation of the findings related to gender is interesting 
but poses a number of problems for the reader who has not seen the test 
items. Certainly the following statement is presumptuous — "Although the 
attitude measure employed in this study can be considered a course 
measurement device," (what does this mean?) "it is realistic to assume 
that differences in the perception of the importance, relevance or 
interest of instructional procedures vary as a function of sex." — Why? 
NDt all studies related to attitudes of students (and teachers) would 
agree with this. As an example, my dissertation produced results which 
Indicated that the attitudes of preservice male and female teachers, when 
placed in an hypothetical classroom situation, were not significantly 
different. While my paper was only indirectly related to his study, it 
indicates, to me, that his generalization may be shaky. 

The research report was interesting and it may provoke additional 
research. The paper was well written, but very brief. 

The purpose of the study was met and evaluated. The results were 
in table form. The interpretations of the primary purpose and the result 
statement related to the secondary purpose might be justified if the 
report were enlarged to include the test items (or samples) and a descrip- 
tion of the seven-point summative scale and its interpretation. 

The results were interesting. Because almost all classes contain 
male and female students and because all students have unique needs, 
wants — attitudes (whether or not the variance is a function of sex), 
the importance of the results to all teachers is that a variety of 
methods is better than a single method. It strengthens the notion that 
a teacher (of science or other subjects) should possess a repertoire of 
methods of instruction and methods of evaluation. It alludes to the need 
for the teacher to plan and organize the course and class sessions using 
his/her repertoire of methods to assist each student to achieve the 
variety of student objectives. 
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An instrument, such as the one used in this study, might well be 
employed to determine the needs of the students in each class, so that 
the appropriate instructional procedures are implemented. 
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Savada, D. "Attitudes Toward Science of Nonscience Major Undergraduates: 
Comparison with the General Public and Effect of a Science Course." 
Journal of Research in Science Teaching ^ 13(1): 79-84, 1976. 

Descriptors~*College Science; Community Attitudes; Educational 
Research; Higher Education; *Public Opinion; *Science Education 
*Scientific Attitudes; Student Attitudes 

Expanded abstract and analysis prepared especially for I.S.E. by Marvin 
Bratt, The Ohio State University. 

Purpose 

The purpose of this study was twofold. The first question addressed was 
How do the attitudes towards science and technology of non-science major 
college students compare with most of the general public? The second 
question was Do the attitudes of students change after a science course? 

Rationale 

In 1967 The Commission for Undergraduate Education in the Biological 
Sciences (CUEBS) noted that many students took only science courses that 
were required of them and chat these students often ranked poorly in 
such classes. Of primary concern was the observation that most students 
were enrolled in biology courses during the freshman year and that such 
courses were labelled "flunk-out" courses. With this in mind, the 
author assumed that college students would be intellectually brighter 
and better informed and therefore should have "stronger" opinions on 
science and its social Impact. He also assimied that science major 
undergraduates should have more positive attitudes than non-major under- 
graduates. 

He related the study of the first question to studies by the National 
Science Board (1973) and S. Whitney (1959). The study of the second 
question was related to studies by Johnson, Ryan and Shroeder (1974), 
Kempa and Dube (1974), Kennedy (1973), and Simmons and Esler (1972). 
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Research Desi gn and Procedure 



Information gathered concerning the national sample reported here was 
gathered as a survey by the Opinion Research Corporation (1973) . Data 
* gathered for the purpose of comparison was done on a pre-test treat- 
ment - post- test design. There were no controls designated; however 
the national sample data are provided. The sample consisted of intact 
groups (classes) enrolled at three colleges in California. Sixty-five 
subjects, 30 males and 35 females, were involved in the study. 

The treatment was described as the "Principles of Natural Science" 
course which was three hours of lecture and one hour of laboratory work 
for 15 weeks. The course was divided equally among a physicist, a 
chemist, a cell biologist and an ecologist and focused on "origin and 
evolution." 

The instnament used for data collection was the survey questionnaire 
designed by Opinion Research Corporation (1973). xhe survey question- 
naire contained nine items. No validity or reliability data were 
reported. This survey was completed by subjects on the first and 
last days of the course. Results were reported as percentages. 
Statistical analyses were calculated using a non-random difference 
statistic (Walpole, 1974). 

.^Findings 

Among the findings of interest, a majority of the sample* suggested that 
Science and technology had changed life both for better and worse. 
Ileactions to science after the course increased across satisfaction or 
hope but decreased over excitement or wonder. There was an increase 
acro:i3 fear or alarm. Rankings of nine occupations changed very little 
after treatment^ scientist moved from rank 4 to rank 3. When asked if 
Science and technology did more harm than good, 60 percent reported more 
good while nfter treatment, only 28 percent reported more good. These 
Person-: '^PP^^ontly moved into the group which reported "about the same." 
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When asked whether science and technology was the cause of problems, 
a slightly larger percentage suggested "some" or "most" at the end 
of the treatment • Science and technology was blamed for changing 
things too fast (48 percent to 68 percent) after treatment. After 
completing the course, an overwhelming majority (71 percent) responded 
to Increased societal control over science and technology as compared 
to 49 percent on the pre-test. When asked to rank priorities as to 
government spending for science and technology,, the greatest change 
In ranks was for developing faster and safer public transportation 
(from seventh to second) . 

Interpretations 

From these. data, Savada concluded that, prior to the course, students 
had more negative opinions of science and technology than did the 
general public. He suggests that the students were sufficiently dis- 
turbed about the bad aspects and rapid rate of change to demand 
Increased social control of science and technology. He concluded that 
students felt more negative towards science and technology after treat- 
ment than before. The postulation was made that the mass media could 
have influenced the students more than the general population. He 
claimed that mass media could be responsible for shaping attitudes of 
students and that the course reinforced these attitudes, 

ABSTRACTOR'S ANALYSIS 

A statement by Renner, et al. (1976) says it best, "Most of this 
research is directed toward science as a discipline, school subject, 
scientists or instructional problems. The--^bjects are usually 
students or their teachers." There have been relatively few studies 
reporting attitudes of the general public towards science. On the 
whole, the general public's attitude toward science seems to be fairly 
positive, consistent and stable according to the data reported here. 
There is a discrepancy, however, when these data are compared to the 
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students enrolled in the science courses. These data seem to be con- 
sistent with other data on college students who seem to view science 
and science education somewhat more negatively. There do not seem to 
be additions to the conceptual or methodologiC2il techniques currently 
in use in this research area. Percentages are compared between the 
four groups of administrations. 

The validity could be suspect in several ways. Is it possible or 
perhaps questionable to generalize from an instrument such as this 
survey? Does the general public see the scientific endeavor as a 
solution to societies' problems? Eighty-one percent of the population 
(general public) stated that science and/or technology will eventually 
solve problems in pollution, disease, drug abuse and crime. Spending 
tax money to support various areas certainly does not seem to reflect 
the voting records of our politicians. Perhaps more powerful statis- 
tics could have been applied to these data which would lead to other 
conclusions. A serious question could be raised concerning the sample 
chosen to compare with the national sample. It is questionable whether 
"non^science" majors would have stronger or more positive attitudes 
towards science. It would have been a stronger study if students were 
randomly assigned from a college population, at least to provide some 
control over negative attitudes expressed by ''non-science" majors. 

Studies on i^ttitude change after coursework, institute participation or 
following workshops are frequent in recent science education literature. 
In the main, these' studies are done with teachers or pre-service 
teachers (see Piper and Moore, 1977). Little research has focused on 
changing attitudes or teaching strategies among college professors. 
This, perhaps, is the key to the somewhat negative (or less positive) 
attitudes towards science among college students. Current strategies 
used in science education have focused on developing science processes 
as well as technology and recent information and knowledge developed 
by the scientific community. Such courses have demonstrated substantial 
success in improving the attitudes of teachers and students towards 
science and science teaching. One could question the approach used iru 
the course reported in this study. The instructors were professional 
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scientists; a biologist, a chemist, a physicist and an ecologist. The 
inaterial covered dealt with the origin of the universe, atomic parti- 
cles and astronomy. Renner et al. (1971) suggest that a substantial 
proportion of college freshmen are not intellectually capable of under- 
standing such complex scientific theories. It is entirely possible 
that the subjects in this study reacted negatively towards the science 
course because they did net fully comprehend the meaning of the 
material* 

While there are several researchers who disagree with theories of 
intellectual development, the data cannot be overlooked as a possible 
confounding variable. Papers presented at the annual convention of 
the National Association for Research in -cience Teaching C1979) 
illuminate the disagreements in theory but also provide substantial 
direction for continued research in this area. Little doubt remains 
that the formation and development of attitudes towards science is 
directly linked to the type and style of instruction encountered in 
the high school and college years. The link between concept forma- 
tion and understanding and attitude formation is crucial to the under- 
standing of and interpretation of results such as these reported in 
this study. 
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. Symington, David J, and Peter J, Fensham. "Elementary School Teachers* 
Closed-Mindedness, Attitudes Toward Science, and Congruence with 
a New Curriculum," Journal of Research in Science Teaching , 13(5) 
441-447, 1976. 

Descriptors — ^Curriculum Development; Dogmatism; Elementary 
Education; ^Elementary School Science; ^Educational Research; 
*Process Education; Science Education; ^Science Teachers; 
Science Programs; *Teacher Attitudes 7 ~ 

Expanded abstract and analysis prepared especially for I^S^E, by 
Harold H. Jaus, Purdue University, 

Purpose 

The purpose of this investigation was to determine the relationship 
between the dogmatism of teachers and two intervening variables in the 
context of a recently introduced innovative science course for elemen- 
tary school children. The intervening variables in question were (1) 
congruence with course expectation for classroom behavior, and (2) 
attitudes toward science. The researchers hypothesized that the more 
dogmatic elementary teachers will express less congruence with the 
behaviors expected by the innovative course and have less positive 
attitudes toward science than their more open-minded colleagues. 

Rationale 

Previous studies have indicated that closed-minded Cdogmatic) teachers 
are generally resistant to curriculum change or innovation. This rela- 
tionship, however, may not be a simple one. For example, the structure 
of the new program is likely to be a source of intervening variables, 
i.e., structured programs (S-APA) versus unstructured programs (Nuffield 
Primary Science). Second, the manner of the introduction of the new 
program in the schools may be a significant variable since it has been 
suggested that closed-minded teachers are more likely to accept changes 
which carry the approval of external educational authority figures. 
Third, it may be that elementary teachers have attitudes toward science 
which will color their responses to the new programs and intervene 
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between dogmatism and that response. An underlying assumption suggested 
by the investigators war.: A closed-minded teacher may very well accept 
a science curriculum change if the change is viewed as highly struc- 
tured, approved by educational authorities, and if the teacher viewed 
science as authoritative and associated witl. established patterns. 
The authors cite research that closed-minded teachers are more tradi- 
tional in their classroom behavior and in their views of "ideal" pupils, 
e.g., working infrequently with small groups, giving more information, 
giving more directions, and viewing "ideal" pupils as obedient, quiet, 
reserved, and readily accepted the judgment of authorities (Bird, 1971; 
Cohen, 1971), 

Research Design and Procedure 

This correlation study involved 72 teachers (36 male, 36 female) of 
grades five and six in 24 schools located in the suburbs of Melbourne, 
Australia, These subjects were the teachers of the recently introduced 
"innovative" science course. First year teachers of the science course 
and teachers who had undergone inservice education in science were 
excluded from the study. The data were collected two years after the 
introduction of the science course • 

The science course taught by the teachers in the study was presumably 
a science course designed for fifth and sixth graders. The course was 
"not only concerned with the introduction of science as topics of study" 
but, also, "specified patterns of classroom organization and teacher 
behavior" (similar to those of Nuffield Primary Science) . According to 
the authors, these patterns represented for the teachers in the study 
"a marked departure from many established transactions of the elementary 
school classroom." 

The instrument used to measure congruence with course expectation was 
developed by Symington (1974). In its final form the measure consisted 
of nine items, each containing a description of a class situation and 
five alternative forms of behavior which a teacher could adopt to meet 
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the situation. The teacher ranked the alternatives from most to least 
suitable and a comparison of the teacher's rankings with an "official" 
ranking produced a score. Ten elementary science experts generated the 
"official" rankings by determining the closest behavior expected by the 
science course planners to the least like expected behavior. A slightly 
modified Schwirian's Science Support Scale (Tri-S) (1968) was used to 
msasure the teachers' attitudes toward science. The Tri-S is a Likert- 
type scale using items based on a five-fold value system: rationality, 
utilitarianism, universalism, individualism, and a belief in progress. 
The reliability of this measure has a reported va?ue of 0,87, 

Open and closed-mindedness was measured using a modified Rokeach instru- 
ment developed by Ray (1970), Ray's instrument is made up of positive 
items from Rokeach's scale and new negative items. Validity was deter- 
mined by the "criterion grou/^s ' approach with obtained reliability 
values on students (0,91 and 0.81) and adults (0,78). 

A two-way, least-squares analysis of variance was used with dogmatism 
score and years since initial college training as independent variables 
and congruence as the dependent variable. The same analysis was used 
with dogmatism score, years since initial college training, and atti- 
tudes toward science scores. Correlation coefficients were obtained 
for dogmatism scores and attitudes toward science scores, and dogmatism 
scores and the Tri-S five sub-scale scores. 

Findings ^ 

Both hypotheses were supported by the data. Teachers' congruence with 
the dogmatism scores provided an F ratio of 4,95 (p<,05). Teachers' 
attitudes toward science scores and dogmatism scores provided an F 
ratio of 9.75 (p<.01). The value of the correlation coefficient 
between dogmatism and attitudes toward science was -0,51 and remained 
as a partial coefficient of -0.46 when the effect of years since initial 
college training was removed. All but one (belief in progress) of the 
Tri-S sub-scale score with dogmatism score correlations were significant 
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at the 0.05 level using a two-tailed test. These correlation values 
ranged from -0,19 to -0,45, There was no evidence to suggest that 
the time since the teachers' initial college training inte^ta'Cts" with 
either congruence or attitudes toward science. 

Interpretations 

Based on the results of their study the researchers contend that 
"teachers' dogmatism was related to both their beliefs about teachers 
in classrooms and the teacher's attitude toward science." The inverse 
relation obtained between congruence and dogmatism was of particular 
significance in that the highly authoritarian tradition in which the 
innovation of the course occurred may have been expected to lead 
teachers of high dogmatism concurring with it. However, the authors 
infer that "radically" different teacher behavior requirements of the 
course overrode the course's authoritarian introduction and thus 
became a dominant intervening variable. 

It is suggested by the authors that dogmatic teachers ought to be pro- 
vided with a more realistic tinders tanding of science in the hope that 
they may respond to teaching innovative science courses rather differ- 
ently. 



This study provides additional support concerning the contention that 
closed-minded teachers have significantly less favorable attitudes 
toward science and teaching "new" science programs than their more 
open-minded colleagues. In a review of the literature before 1972, 
the abstractor found seven studies not mentioned by the authors show- 
ing that closed-minded teachers also had less favorable attitudes 
toward teaching "nex/' science programs than more open-minded teachers. 
Some criticisms and suggestions for improving the article follow. 



ABSTRACTOR'S ANALYSIS 
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It would have been informative if data from a group of fifth and sixth 
grade teachers not involved in teaching the "new** science course were 
BbtHiHed AHA MiJe^ted, Or, if this were not possible, a pretest and a 
post-test, rather than only a post-test, had been administered to the 
teachers of the "new" science course. Such data would allow causal . 
relationships to be made. For example, perhaps the nature of the 
science course in question influences teachers' dogmatism, congruence 
(attitudes toward teaching science), and attitudes toward science. 
Data from a control group or a pretest would also permit more support 
to the authors' contention that dogmatic teachers have less favorable 
attitudes toward science and congruence with intentions of the science 
course. 

The authors state that the teachers involved in the study were all 
teaching the new science course but no mention is made concerning how 
these teachers became involved, i.e., were they forced to teach the 
course or did they choose to do so? (It is assumed they were forced 
to do so.) Being forced to teach a new course might influence even 
the most open-minded teachers' attitudes about the teaching behaviors 
expected of the course and its subject matter. Pretesting or use of a 
control group would support or reject the above contention. Also of 
interest would have been information concerning instrument score 
differences between the male and female teachers (36 male, 36 female). 
Perhaps the sex of the teacher is an intervening variable. 

Although the researchers found a significant difference between teachers' 
congruence and dogmatism scores using analysis of variance, they did 
not report the correlation coefficient between congruence and dogmatism. 
Since this was a correlation study, such information seems necessary for 
the reader to see the magnitude of the correlation. A reader does not 
get a "feel" for a correlation by ANOVA results alone. 

Also helpful to the reader would have been (1) the inclusion of mean 
and range values of the teachers' scores on the instruments used, (2) 
example items from the congruence measure, (3) data or references to 
support the claim that the teachers involved in the study "had weak 
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backgroimds in science," C4) the inclusion of more information concern- 
ing the administration and scoring of the instruments used, the nature 
of the "new" science course, the reliability of the instrument measur- 
ing congruence, and (5) some indication as to how well the dogmatic 
teachers actually taught the new science-course and their actual feel- 
ings toward teaching the course. It may be that the more dogmatic 
teachers taught the course as it was intended and did indeed like 
teaching the course. Based on the article, none of the instruments 
used directly addressed themselves to these last two points. 

It appears important to point out that many of the weaknesses and 
suggestions offered by this abstractor are not the problem of the 
authors. Authors who submit articles. for publication are dependent 
upon the journal reviewers for revision suggestions. When such revi- 
sion suggestions are not forthcoming, authors have little to go on for 
revision purposes. 
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Ward, William H. , Jr- "A Test of the Association of Class Size to 
Students' Attitudes Toward Science." Journal of Research in 
Science Teaching , 13(2): 137-143, 1976. 

Descriptors — ^Attitudes; Attitude Tests; *Class Size; 

Educational Research; *Grouping (Instructional Purposes); 

Science Education; Secondary Education; *Secondary School 

Science; *Scientific Attitudes 

Expanded abstract and analysis prepared especially for I.S.E. by 
Robert L. Shrigley, The Pennsylvania State University. 

Purpose 

The purpose for the study was to examine the relationship between class 
size and student attitude toward science. 

Rationale 

Although not spelled out early in the report, but alluded to in the 
discussion, the rationale for the proposed class size-attitude relation- 
ship was based on the assxmqjtion tuat smaller instructional units 
contribute to (1) maintenance of personal identity, (2) teacher-student 
rapport, and (3) better opportunity for student participation. The 
reader can further infer that those three small class characteristics 
in science instruction affect student attitudes in a positive direction. 

Research Design and Procedure 

The sample was drawn from high school biology, physics, and chemistry 

classes from 12 states in three regions of the United States that made 

up the federally-funded Mirmescta Research and Evaluation Project (MREP). 

All schools were stratified by population with each strata systematically 
sampled and one teacher and one of his/her classes randomly selected. 
Furthermore, a random third of the students in each class was sampled for 
attitude and achievement data. . 
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So that the variables of teacher attitude toward science and student 
achievement might not mask a class size-attitude relationship, the former 
two variables were held constant through the use of a partial correlation 
statistical technique. 

Hypothesizing that the attitude concept has two components (intellectual 
and emotional), three attitude measures (intellectual, emotional, total) 
for both students and teachers were investigated. As a means of testing 
attitude homogeneity, student and teacher emotional-intellectual com- 
ponents were correlated resulting in the correlation coefficient of .58 
for student attitudes and .51 for teacher attitudes. Those correlation 
coefficients were considered sufficiently low to assume that intellectual 
and emotional attitudes were distinguishably different concepts. There- 
fore, there seemed to be justification to test each attitude concept. 

The class was used as the basic experimental unit. The value of student 
attitudes (emotional, intellecttial, and total) and student achievement 
were class means. Class size and teacher attitude scores were used 
directly as reported. 

The author used Moore and Sutman's (1970) Science Attitude Inventory (SAX), 
a Likert-t3T)e attitude scale with a test-retest reliability correlation 
coefficient of 0.93. SAX has two coii?>onents, one measuring emotional and 
the other measuring intellectual attitudes. The composite of the two 
subscores was the total attitude test score. 

Student achievement was measured by the test of Achievement in Science, 
a 45-item multiple choice test comprised of items drawn from the National 
Assessment Test for Science. The KR20 reliability calculated from the 
MREP sample was 0.87. 




Findings 



With student achievement and teacher attitude (emotional, intellectual, 
and total) held constant, the hypothesis that smaller instructional units 
have a significant positive correlation to student emotional, intellectual, 
and total science attitudes was rejected at the 0.01 level. Therefore, 
class size seems not to be directly related to student attitude toward 
science. 

Ancillary to the main thrust of the study, the author tested relationships 
between other variables, an action unaccompanied by hypotheses. Signifi- 
cant beyond the 0.01 level were the partial correlations between student 
achievement and 

1) class size, 

2) student emotional attitude score, 

3) student intellectual attitude. score, and 
. 4) student total attitude score. 

In t er pr e t a t ions 

Three major observations were made by the author: 

1) Positive attitudes seem, not to be directly related to smaller 
instructional units in the secondary school sciences. 

2) Either the attitude concepts is not readily divisible into 
emotional and intellectual coii5)onents, or the methods of this 
study were too crude to detect it. 

3) Two pairs of factors seem to be related: 

(1) class size-achievement 

(2) attitude-achievement. 

Although the study failed to reveal a direct relationship between class 
size and attitude, the author suggests that the two variables are related 




indirectly. That is, if class size affects achievement and achievement 
affects attitude, then, class size affects attitude. 

Using the route of logic from class size to attitude through achievement, 
the author offers the following implications: 

1) Because our skills in defining, measuring, and devising 
instructional schemes are far better in the cognitive than the 
affective domains, advancement in affective domain may best be 
promoted by fostering achievement in the cognitive areas. 

2) Conversely, affective-directed strategies should aid cognition. 

3) If class size influences cognition, it may also influence 
affective goals. 

ABSTRACTOR'S ANALYSIS 

Science attitude is worthy of high priority in educational research, and 
the author's statement chiding educators to develop effective research 
strategies in the affective domain regardless of their feelings toward 
affective goals in education is commendable. 

To assume with the author that the concept of attitude is multi-dimensional 
is well documented in the literature of the social psychologist. So his 
decision to test both the emotional and intellectual components of attitude 
is in line with Triandis (1971) who suggests that attitude is more than a 
single concept; it has not only an affective and cognitive component, but 
a behavior one, too. Fishbein and Ajzen (1975) suggest four dimensions: 
belief, attitude, intention, and behavior. Using Moore and Sutman's 
attitude scale, with both emotional and intellectual components, was in 
line with the author's objectives. 

The author exercised foresight in holding constant student achievement 
and teacher science attitude, two variables that could have masked the 
relationship of the two variables under study: class size and attitude. 
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Relating class size and attitude, the author uses: 1) maintenance of 
a personal identity, 2) teacher-student rapport, and 3) the students* 
opportunity to participate, but he failed to provide a theoretical 
underpinning for those three components. • Why should they be related to 
attitude? 

In quest of theoretical support, the author might have examined the 
literature of the social psychologist where models for attitude research 
have been developed since, the 1940's. Several approaches to attitude 
modification are described in detail by several authors including 
Zimbardo, et al . , (1977), Wrightsman, (1977), Kiesler, et al . , (1969), 
and Triandis, (1971). 

The author might have drawn some support for active participation of 
students had he examined Kurt Lewin's group dynamics theory. In the 
days of food shortages in World War II, Lewin tested group discussion 
and lecture as a means of persttading housewives to serve kidneys, 
sweetbreads and heart, beef cuts not commonly served in the 1940' s. 
Far 'more housewives attending discussion groups served the unusual 
meats than those attendijig lectures (Triandis, 1971). Therefore, we 
might. assume that participation influences attitude more than do 
lectures. 

Triandis spells out the differences. Lectures are passive; they are 
cognitive with no personal commitment reqiaired. Disciissions are active; 
verbal statements made by group members before the group can be a form 
of commitment to a point of view. Group norms can change before your 
eyes. 

Without a more precise definition of the author's other two components, 
maintenance of personal identity and teacher-student rapport, drawing 
theoretical support for them becomes more difficult. 

Even if we could assume that the author's three characteristics of class 
size have an adequate theoretical base, to further infer that those 
characteristics function differently due to class size is quite an 
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inferential leap. Student participation, personal identification and 
teacher-student rapport might be the function of the individual teacher's 
philosophical outlook. 

And class siza may not have been fully tested in this study. With a mean 
enrollment of 20.52 and a standard deviation of 8.11, the range of the 
author's class sizes may not have been enough for the variable, class 
size, to function. 

The author infers that, although class size is not directly related to 
attitude, it may be indirectly related via achievement. But as acknow- 
ledged by the author, the class size-student achievement relationship 
found in the study is questionable. The study involved intact classes. Thus 
students were not randomly assigned to various sized classes. Therefore, 
schools which systematically produce high achievers could be those 
financially able to support smaller classes. 

And VTith class size-achievement now in qtiestion, the author's logical 
syllogism that class size affects* attitude via achievement is also weak- 
ened. This, in turn, affects the author's suggestion that we might best 
improve attitude through cognition. That we can better define, measure 
and design instructional strategies in the cognitive than the affective 
domain is probably true. But instead of furthering attitude through the 
cognitive domain, science educators should first attack the problem of 
science attitude through an analysis of the theoretical models of 
attitude modification fotind in the literature of the social psychologist 
cited earlier in this analysis. 
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Wooley, Jon "Factors Affecting Students' Attitudes and Achievement 

in an Astronomy Computer-Assisted Instruction Program." Journal of 
Research in Science Teaching 15(2): 173-178, 1978. 

Descriptors — *Acl\ievement; *Astronomy; ^Attitudes; College 

Science; ^College Students; ^Computer Assisted Instruction; 

Educational Research; Higher Education; Instruction; Science 

Education 

Expanded abstract and analysis prepared especially for I.S.E. by Ronald D. 
Simpson, North Carolina State University. 

Purpose 

The purpose of this study was twofold: 1) to introduce college 
students to selected astronomical and mathematical concepts in an intro- 
ductory astronomy course by way of three types of computer-assisted 
instruction (CAI) , and 2) to investigate the effects of sex and type of 
CAI on improvement of mathematics ability, transfer of learning, and 
attitude toward CAI. 

Rationale 

The investigator introduced this study by citing a study by Wall 
(1973) in which research in astronomy education between 1922 and 1972 
was reviewed. Wooley agreed with Wall "...that research is needed to 
determine the effects of student(s) variables (sex, I-.Q., etc.) and of 
different instructional strategies, such as computer-assisted instruc- 
tion (CAI), on student achievement and attitudes." 

The investigator also discussed a concern held by many astronomy 
educators: the amount of mathematics that is needed by students for 
successful completion of an introductory course in astronomy. In a prior 
study, Wooley developed an instrument to measure mathematics ability, 
ranging from arithmetical operations through the solution and application 
of algebraic expressions. 

Another area of concern discussed by the investigator in this study 
is the effect of feedback, or reinforcement, on learning via the CAI 
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method. He cites work of Brown (1967) and Oilman (1969) where several 
options for feedback are listed. Other studies such as those by Swets 
(1962), Klaus (1965), Holland (1565), and Bryan and Rigney (1965) are 
mentioned by the investigator. From his review of the literature, it 
appears that there is considerable debate as to the net effect of feed- 
back on student learning via CAI. 

The investigator also discussed two other variables of concern in 
CAI: student attitudes and sex. Several studies have shown that under- 
graduate students possess attitudes toward CAI that are at least as posi- 
tive as those toward traditional kinds of instruction. Wooley suggests 
that there may be sex differences involved relative to attitudes and 
achievement via CAI, but he does not cite specific studies to confirm 
or reject this notion. 

In summary, the general aim of this study is an attempt to consider 
student gender, mathematics background, mode of reinforcement (during 
CAI), and student attitude in relation to achievement in introductory 
astronomy when CAI is used as the primary instructional strategy. 

Research Design and Procedure 

The subjects in this study included 68 males and 26 females enrolled 
in an introductory astronomy course at Eastern Michigan University durinf 
the winter semester of 1975. The 94 students were enrolled in two sec- 
tions (23 and 71) and both were taught by the investigator. 

The investigator reports that his design can be classified as a 
pretest-posttest, control group design (Campbell and Sr:;taey, 1965). 
Within each of the two sections, students were randomly assigned to one 
of the three CAI groups. Pre- and posttest measures of mathematics 
ability were administered. Course achievement and student attitude 
toward CAI was also measured at appropriate times throughout the course. 

Each of the 18 CAI modules used in this study consisted of a For- 
tran IV computer program with which students interacted via a teletype 
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terminal linked to a time-sharing computer. Each module included neces 
sary directions to students that served to perform important administra 
tive functions. 

The nature of the CAI treatments used in this study can best be 
described by quoting the following section written by the author: 

Three types of CAI were developed, each type consisting of a 
series of six modules. An experimental treatment consisted of 
either Type I or Type II CAI. Each treatment was intended to 
improve a student's ability to cope with the math encountered in 
the course. Both Type I and Tjrpe II CAI presented Ss with a 
series of numerical, beam-balance problems designed to elicit 
the discovery of the torque principle and to provide practice 
in applying and extending this principle. In addition, Ss were 
asked a series of questions covering the related area of direct 
and inverse relationships. 

The two treatments differed in the type of feedback received. 
Type I CAI provided Ss with knowledge of results, knowledge of 
correct response, and response contingent feedback. Type II CAI 
supplied Ss with only knowledge of results feedback. Type I 
might therefore be called guided discovery CAE and Type II, 
discovery CAI. 

Type III CAI asked Ss to respond to questions based on informa- 
tion presented by the modules. The information dealt with 
orbital motion and the sun's diurnal motion. Since no mathe- 
matical material or manipulations were involved, Ss receiving 
Type III CAI were taken as the control group for investigating 
improvement in math ability. Type III CAI always provide-^ Ss 
with a combination of knowledge of results and knowledge of 
correct response feedback. 

The pre- and posttests of mathematical ability were parallel instru- 
ments designed by the investigator to measure achievement ranging from 
arithmetical operations through solution and application of algebraic 
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expressions. Two "transfer exams" required students to solve numerical 
problems related to mathematical relationships in light and telescope 
formulas (Transfer Exam A) and in black-body radiation laws and cc mo- 
logy (Transfer Exam B) . The author did not elaborate specifically on 
how the "transfer exams" were used in this course and in this investi- 
gation. 

The CAI attitude instrument was a measure of student experience in 
such areas as: time spent, difficulty of material, relevance of ques- 
tions and feedback, mechanical problems, and continuation of program. 
The instrument was modified by the investigator based on an earlier 
form developed by Brown (1967). 



Findings 

Since students from Group II scored higher in math ability than the 
other groups on the pretest, a one-way analysis of covariance was run 
using the pretest as the covariate. The results showed no significant 
differences at the .05 level of probability between Groups I and II for 
any of the post-treatment measures. This suggests that no one type of 
feedback produced improvement in math ability, transfer of learning, or 
attitude toward CAI as measured by the instruments used in -this study. 

Alternatively, both Groups I and II scored significantly higher than 
Group III, the control group, on the math posttest. Thus, both the guided 
discovery method of Type I and discovery method of Type II produced improve- 
ment in math ability as measured by the posttest. 

When sex was considered, females -scored lower than males on all 
measures, and significantly lower (p < 0.01) on the math posttest and on 
the CAI attitude instrument. Females in this study appeared to benefit 
less from CAI than males. The major findings of this study are shown in 
Table II as constructed by the author. 
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TABLE II 

F-VALUES AND MEANS FROM ONE-WAY ANALYSIS 
OF VARIANCE WITH BREAKDOWN BY GROUP 



Variable 


Group I 


Group II 


Group III 


F-Value 


N Mean S.D. 


N Mean S.D. 


N Mean S.D. 


Pretest 
Posttest 
Exam A 
Exam B 
CAE Attitude 


34 62.06 19.81 
32 71.56 29.19 
32 67.91 16.63 
31 63.29 16.11 
31 5.52 27.23 


33 7C.30 16.77 
31 79.03 17.39 
31 74.29 14.80 
31 67.29 14.31 
31 9.55 23.66 


33 65.67 20.44 
33 61.21 24.97 
32 71.88 12.95 
32 65.69 12.91 
31 17.39 20.03 


1.57 

4.31* 

1.49 

0.60 

1.99 



*0.01< .p < 0.05. 



Int erpretat ions 

Gllman (1969) found that students receiving feedback guiding them to the 
correct response performed better than those who were forced to discover the 
correct answer. This investigation does not support this claim. This study 
does support, however, Oilman's findings that students' attitudes toward CAI 
are independent of the t3^e of feedback they receive. Also, females appear to 
benefit less and have a less positive attitude toward CAI than do males, no 
matter what type of feedback is used. The author in this study states that 
responses to items on the CAI attitude instrument suggest that part of the 
negative attitude expressed by females is related to what they perceive as 
the mechanical and impersonal nature of CAI. 

Wooley concludes this report by stating "the findings of this study 
suggest that CAI can be effective in producing problem-specific learning 
regardless of the type of feedback used. If transfer of learning is one of 
the desired goals of instruction, more attention should be given to the prin- 
ciples of transfer than to the nature of feedback. In addition, an att<impt 
should be made to make CAI more compatible with the needs of female Ss, 
especially where this is an important factor. How this can be accomplished 
is not entirely clear; however, the use of reliable visual display terminals 
and computer graphics techniques might prove more appealing and effective to 
female Ss." 
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ABSTRACTOR'S ANALYSIS . 



This investigator has done an excellent job in relating the findings 
of this study to prior published studies. When compared with other inves- 
tigations, it was shown here that variation in feedback did not produce 
significant differences in Tiath achievement as one might have suspected, 
particularly in light of what Oilman (1969) found. Replication studies 
like this one are recommended by most educational researchers. Another 
case in point is the apparent influence of gender on achievement and atti- 
tude as related to CAI. 

This study offers additional evidence that sex differences do exist 
when it comes to mathematics achievement and to attitude toward computers. 
While no new conceptual or methodological models emerge from this study, 
the reported results do help to clarify some important relationships that 
have been questioned and researched by other individuals in the past. 
In an applied sense, tlie results contribute to our knowledge of astronomy 
education and to how this can be facilitated by computer-assisted instruc- 
tion. 



ERIC 



This study is well-written and easy to follow. Given the coiistraints 
faced by the investigator, the research design and statistical procedures 
used appear to be appropriate. The results were well displayed and the 
findings and conclusions were communicated openly and to the point. The 
review of literature was pertinent and the major variables dealt with in 
the study emerged in a clear and sequential manner throughout the report. 

Upon reading this research report, I do not find anything seriously 
wrong. It is, of course, the purpose of these analyses to offer sugges- 
tions for improvement and to, hence, stimulate useful dialogue. In this 
spirit, I have two general concerns that I will discuss in hopes that 
further studies of this kind might be improved. 

The first area of concern deals with the topic of validity. Terms 
such as "math ability," "transfer of learning," "astronomy achievement," 
and "attitude toward CAI" were described and measured in terms of tests 
or instruments that were not shared with the reader. While reliability 



estimates were reported (and they were reasonable) , no operational defi- 
nitions were forwarded and no case for validity was developed. For a ^ 
study like this to be solid, one needs to have assurance that the 
variables being assessed are being properly defined and accurately 
measured by instruments that possess construct, content, and predictive 
validity. While these types of validity are hard to ascertain in a 
single study, it is important to at least acknowledge this and to offer 
some evidence to the reader that the instruments being used are reason- 
ably good ones* In the case of the various achievement measures that were 
used here, the reader has no data other than internal consistency estimates 
to convince him or her t.'.iz the tests were valid ones. As far as the 
attitude instrument is concerned, the reader is left almost completely in 
the dark. Also, the scores presented in Tables I and II are not explained 
in any way. CAI attitude mean scores presented in the two tables were con- 
fusing to me since those in Table II seemed unusually low when compared to 
those reported in Table I. Group I and Group II means appeared noticeably 
lower than the mean for Group III, yet the F-value did not suggest that 
there was any significant difference. In short, the attitude scores were 
very confusing and were, for the most part, meaningless as far as knowing 
what it was they were supposed to represent. 

A second area of concern is a weakness often seen in doctoral disser- 
tations: the considerations of too many unretated^variabtes at one time. 
This study attempts to deal with "type of CAI,'*^"i^des of feedback," "math 
ability," "transfer of learning," "astronomy achieyement," "math back- 
ground," "attitude toward CAI," and "sex." Ideally, this is probably too 
many variables to attempt to understand well in a single study, particu- 
larly when they are not carefully developed together. Also, these variables 
represent several different classes of variables (background, cognitive,^ 
affective, antecedent, transactional, outcome, etc.) and they were not pre- 
sented in a tight, conceptual framework or model showing possible inter- 
relationships. In a design like this, one often ends up knowing a little 
bit about everything but not too much about anything. 

The two areas of criticism mentioned here were covered for construc- 
tive purposes^ Indeed, most research studies in education (including my 
own) fail to measure up to the two criteria I have imposed here. In 
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closing, I would suggest that 1) by working extremely hard to develop 
validity and 2) by dealing with variables cast parsimoniously within 
a tighter theoretical framework, most educational research would be 
improved. 



I think this study represents an insightful and useful approach 
to two very relevant areas in education — the use of CAI and the impor- 
tance of quantitative skills in science achievement. I trust that this 
study and this analysis will serve as an iirpetus for further investiga- 
tions along this line. 
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